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ABSTRACT 
Importance 
  
 Most observers of the physician workforce agree that the shortage of surgeons will grow 
in coming years.  The supply of general surgeons, in particular, is expected to fall by 18% in the 
next 15 years alone.  Fewer general surgeons may mean increasing delays in access to 
essential surgical care.  An expansion of general surgery residencies would forestall the 
shortage.  Few studies, however, have estimated the capacity of our hospital system to absorb 
this expansion of residency programs.  This study is one such estimate.  
Objective 
 Estimate the U.S. health care system capacity for additional surgical residency programs 
and residents in hospitals currently without general surgery training programs. 
Design, Setting and Participants 
 I linked a master list of Accreditation Council of Graduate Medical Education (ACGME) 
accredited general surgical residencies, including hospitals used for training and resident 
complement, with a 2011 database of hospital characteristics from the American Hospital 
Association database. I developed an ordinary least squares multiple linear regression to model 
number of residents based upon our independent, program-level variables. I then implemented 
an out-of-sample prediction of resident capacity among the identified candidate based upon a 
priori defined criteria for new general surgery residency programs.  
Main Outcome Measure 
 Number of resident positions a candidate hospital would support. 
Results 
 Our model projected 153 hospitals in 39 states who could support a general surgery 
residency, with a total of 435 new residency positions. Forty hospitals were projected to support 
2 residents per year, 99 hospitals could support 3 residents, 12 hospitals could support 4 
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residents, and 2 hospitals could support 5 residents. Accounting for progressive specialization, 
implementation of these new residencies would result in cohorts of 287 additional general 
surgeons entering the workforce each year, after an initial 5 to 8 year lead timetime. 
Conclusions and Relevance 
 Expanding  opportunities to train new surgeons is almost the only way to address the 
surgical workforce shortage.  Previous research has indicated insufficient capacity to expand 
existing general surgery residencies.  This is the first study to demonstrate the capacity for 
expansion of general surgery residencies to currently unused hospitals.  Our findings indicate a 
current capacity to expand surgical residency positions by 44%, which would mitigate a 
widening shortage in the surgical workforce. It is critical that funding be made available to 
expand surgical residencies in this country. 
 
  
 
 
 
 
 
 
 
 
  
   iv 
Acknowledgements 
 
 
This Master’s Paper is dedicated to Dr. George Sheldon, who was unwavering in his 
encouragement and enthusiasm for resident education.  He is a source of inspiration, not only 
for this paper, but also for me in all of my future endeavors. 
 
To Dr. Anthony Charles, master surgical ninja, who has taught me so much over the last two 
years.  
  
   v 
Table of Contents 
 
 
Abstract ………………………………………………… ii 
Acknowledgements ………………………………………………… iv 
Table of contents ………………………………………………… v 
List of tables and figures ………………………………………………… vi 
Introduction ………………………………………………… 1 
Methods ………………………………………………… 3 
Results ………………………………………………… 4 
Discussion ………………………………………………… 7 
Conclusion ………………………………………………… 8 
References 
 
Tables 
 
………………………………………………… 
 
…………………………………………………      
10 
 
12 
Figures ………………………………………………… 16 
   
Appendix 1: Systematic 
Review 
………………………………………………… A1-1 
Appendix 2: Expanded 
Tables 
………………………………………………… A2-1 
  
   vi 
List of Tables and Figures 
 
 
Table 1a Summary Characteristics of Existing Surgical 
Programs 
12 
Table 1b Summary Characteristics of Candidate Hospitals 13 
Table 2 Summary Characteristics of Candidate Hospitals by 
Resident Allotment 
14 
Table 3 Distribution of Candidate Hospitals and Predicted 
Resident Number by Region 
15 
Figure 1 Exclusion Criteria for Candidate Hospitals 16 
Appendix 1 Table 1 Systematic Review Template A1-6 
Supplemental Table 1 Model Prediction Accuracy A2-1 
Supplemental Table 2 Candidate Hospitals and Predicted Resident Number 
by State 
A2-4 
 
 
 
 
 
 
 
 Introduction 
 
Attempts to estimate the optimal surgical workforce and number of residents needed to 
treat the U.S. population have been ongoing for much of the last four decades. In 1980 the 
Graduate Medical Education National Advisory Committee released a report projecting a 
significant oversupply of physicians and general surgeons; however, only a decade later 
concern about a developing general surgical workforce shortage was raised, as projections of 
supply and utilization changed.1-3 Substantial lead time from medical school graduation to 
beginning general surgical practice (seven to nine years) and changing population dynamics 
resulting in changing surgical service demand have been key drivers in differing workforce 
projections. The genesis of the current shortage has several causes, including a growing and 
aging population colliding with a declining, aging and increasingly subspecialized general 
surgical workforce.4,5 In 1997, the optimal surgical workforce was estimated to be 7.53 general 
surgeons per 100,000 population for access to timely and adequate care of standard general 
surgical conditions.6 By 2005 the ratio of general surgeons had fallen to 5.69 and 4.67 per 
100,000 in urban areas and rural areas, respectively.7 This trend has not stabilized. The US 
surgical workforce is projected to experience a net loss of between 3% and 18% by 2028, while 
the US population growth has accelerated, increasing by 27 million inhabitants between 2000 
and 2010, and is projected to increase at a similar rate over the coming decade.8,9  
Despite the decline in active general surgeon numbers, the number of general surgical 
categorical residency positions has remained relatively stable at between 900 and 1,200 
positions offered per year since 1981.3 In fact, the number of federally funded residency 
positions has been held constant since passage of the Balanced Budget Act (BBA) of 1997, 
which capped federal funding of graduate medical education (GME) at 1996 levels.10 As these 
federal dollars are the primary funding mechanism for most residency programs, the expansion 
of nearly all residences has halted.5 In 2009, 738 surgeons were board certified by the American 
Board of Surgery.  As the surgical workforce ages, it is predicted that at least 705 surgeons are 
 2 
retiring per year.8,11 These numbers show that we are barely graduating enough residents to 
cover losses from retiring and inactive surgeons, much less producing enough surgeons to 
account for population growth.8,11 The discrepancy between board certifications and annual 
resident positions is largely due to progressive sub-specialization, as nearly 70% of surgical 
graduates pursue post-residency fellowships, which not only reduces the number of surgeons 
practicing general surgery but also delays time to entry into the workforce.12 
The shortage is not confined to surgeons and, in response to a projected shortage of 
nearly 46,000 surgeons and medical specialists within the next decade, the Association of 
American Medical Colleges (AAMC) has embarked on an expansion of medical school 
enrollment of 30% by 2015.13,14 This rapid expansion of medical school output will only result in 
a bottleneck at the level of residency, unless there is a concomitant expansion of residency 
programs.  Already, general surgery fills 99% of available categorical residency positions in the 
National Resident Matching Program.15  An important question is this: can our system support a 
rapid expansion of general surgery residents? A recent survey of surgical residency program 
directors revealed that although a majority of programs believe they could accommodate an 
increase in resident complement (based on hospital size, and average surgical case volume), 
the average was only 1.9 additional residents per program, resulting in only 378 possible 
positions in existing programs.  After accounting for progressive sub-specialization, this would 
result in 249 additional general surgeons entering the workforce yearly, after a five year lead 
time.16 This total is not sufficient to make up for the numbers of retiring surgeons annually, much 
less increase the number of practicing surgeons.8 As there is insufficient capacity for a large 
expansion of general surgery residents within the existing general surgery programs, it will be 
necessary to identify the capacity for, and encourage the establishment of, new general surgical 
training programs.  This study aims to evaluate the current capacity within our hospital system 
for new general surgery residency programs, and model the prospective number of residents 
these new programs could support.   
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Methods 
 For this analysis, we used the 2011 American Hospital Association (AHA) Annual Survey 
Database, limited to hospitals with 100 beds or more. Full details of this database are described 
elsewhere; briefly, this database contains hospital-specific, self-reported, data on over 6,500 
hospitals in the United States, with information regarding organizational structure, operative, 
and surgical services.17 Hospital-level independent variables included number of hospital beds, 
number of general medical-surgical beds, number of medical-surgical intensive care unit (ICU) 
beds, number of pediatric beds, annual inpatient surgical volume, annual outpatient surgical 
volume, annual total surgical volume, number of operating rooms, presence of graduate medical 
education (GME), presence of a cancer hospital, presence of a bariatric surgery program, 
presence of a trauma program, and presence of kidney or liver transplant programs. These 
variables were chosen a priori, as the author and her faculty advisors felt they indicate a 
hospital with sufficiently complex patients (i.e.: requiring cancer, bariatric, or trauma surgeries) 
as well as surgical facilities and volume to adequately train a general surgeon.  
I obtained a master list of the 250 accredited allopathic general surgical residency 
programs from the Accreditation Council for Graduate Medical Education (ACGME) for 2012.18  
I excluded 11 military residencies, and 2 programs that had lost accreditation and closed. For 
the final list of 239 existing programs, I determined the number of categorical residency 
positions and hospitals utilized by the program through residency program website search, or 
contact with residency program coordinator via email.  If additional training hospital data were 
unavailable through these means, I noted that the program was located at a single institution.  
As most surgical residency programs utilize more than one hospital to train their residents, I 
created a program-level variable in the AHA data, collapsing all data from the training hospitals. 
Development of this “super-hospital” allowed me to capture all of the hospital characteristics in 
aggregate used to train the residents at a single program. I defined the quantity of categorical 
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residency positions offered annually as the dependent variable, with the newly created program-
level variables as the explanatory variables.  
I used ordinary least squares multiple linear regression to model number of residents 
based upon our independent, program-level variables. I examined combinations of covariates, 
and their functional forms, to optimize the adjusted R-squared. Final covariates in the best 
prediction model included number of general medical-surgical beds, number of medical-surgical 
intensive care unit (ICU) beds, number of pediatric beds, annual inpatient surgical procedures, 
annual total surgical procedures, number of operating rooms, presence of a cancer hospital, 
presence of a bariatric surgery program, presence of a trauma program, and presence of kidney 
transplant program. The final adjusted R-squared on the full sample was 0.845.  
I then used an out-of-sample prediction of resident capacity for the hospitals defined as 
candidates for new GS residency programs (CP). This candidate list contains hospitals with 100 
beds or more, an annual surgical procedure total greater than zero, who reported the presence 
of an existing GME office (n= 380). For surgical residency accreditations, hospitals are required 
to have a pre-existing GME office with a residency program of another type accredited. The final 
candidate hospital list was further narrowed to include only those hospitals with a predicted 
resident complement of ≥2 residents, but which are not currently training general surgical 
residents. This exclusion criterion comports with current accreditation restrictions that limit the 
smallest surgical residency program to two residents per year. All analysis was completed using 
STATA software (Version 12; StataCorp, College Station, TX).   
 
Results 
 The original AHA sample began with 2,293 hospitals of 100 beds or more.  I removed 
hospitals without GME offices (1,923) or without operating rooms (72), and I removed specialty 
hospitals (5) (Figure 1).  I also removed the hospitals (720) that are currently training general 
surgery residents from existing programs.  That left 375 candidate hospitals to enter into the 
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model, but 214 of them had to be removed, as they were predicted to have the capacity to train 
a cohort of fewer than two residents annually.  Finally, I removed hospitals with American 
Osteopathic Association (AOA) general surgery residency programs (3), stand-alone Veteran’s 
Administration (VA) hospitals (3), and hospitals with newly accredited, but not yet active, 
general surgery programs (2). This brought our final pool of candidate hospitals to 153.   
 Table 1a shows the overall characteristics of our sample of existing surgical residency 
programs.  On average, each training program used 3.36 hospitals, with an average of 743 
general medical/surgical beds and 104 ICU beds, to train an average of 4.87 residents per 
program. The average existing program had 25,386 inpatient surgical procedures and 36,503 
outpatient surgical procedures performed annually at its training hospitals, in an average of 76 
operating rooms per program. Very high percentages of training programs had an ACS verified 
cancer center (97%), bariatric surgery (97%), trauma surgery (99%), robotic surgery (96%), 
kidney (91%) and liver (70%) transplant.   
 Table 1b demonstrates the characteristics of the 375 candidate hospitals originally 
identified as candidates for the model. The hospitals had an average of 180 general 
medical/surgical beds, 20 ICU beds, and had an average inpatient surgical volume of 4,010 
procedures in an average of 15 operating rooms.  66.5% of the hospitals had an ACS verified 
cancer center, 52.5% had bariatric surgical services, 49.8% had trauma surgery, and 48.2% of 
hospitals had robotic surgery.  Very few hospitals had kidney (3%) or liver (0.3%) transplant 
programs. 
 We used an out-of-sample prediction of resident number for the 375 candidate hospitals 
from the regression based on the 239 existing programs.  Once our exclusion criteria were 
applied to candidate hospitals, as described above and in figure 1, the final cohort of candidate 
hospitals for new general surgery programs was 153, with a total of 435 new residency 
positions. The model predicted that 40 hospitals could support 2 residents per year, 99 hospitals 
could support 3 residents, 12 hospitals could support 4 residents, and 2 hospitals could support 
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5 residents. The characteristics of the new candidate programs are shown in table 2, broken 
down by annual predicted resident size. As expected, the hospital general bed numbers 
increase with increasing resident complement.  The model finds that 188 general beds is the 
minimum necessary for training 2 residents, and a minimum of 350 beds is necessary for 
training 5 residents in the model.  Because hospitals capable of training 3 residents actually had 
a smaller mean number of general beds (182), the average bed size in this cohort of possible 
new training programs is 188.  Hospitals capable of training 3 residents, as the table shows, are 
not  larger than those that can train 2, and nor do they perform many more inpatient surgeries.  
Rather, hospitals that can train 3 residents are more likely to have important training resources, 
such as a bariatric or robotic surgery program, than are the hospitals that can take just 2 
residents a year.    Similarly, Inpatient surgical procedures increased from 5,005 annual 
procedures for 2 resident programs to 15,937 annual procedures for 5 resident programs, as 
one would expect, although the relationship is not perfectly linear, since hospitals that can 
support 3-residents do not do markedly more surgical procedures, but do have more of some 
other resources.  The candidate programs mirror established programs in their likelihood of 
having an ACS verified cancer center (85%), and programs in bariatric surgery (64%), trauma 
surgery (97%), and robotic surgery (55%).  However, only 9 candidate hospitals had kidney 
transplant programs, and only 1 hospital had a liver transplant program.  
 The candidate hospitals are distributed across 39 states and across all four large US 
geographic regions (table 3).  The region with the largest representation was the Midwest, with 
54 candidate hospitals in 11 states.  The Southeast had 33 candidate hospitals across 10 
states. The state with the highest number of candidate hospitals was Texas (data not shown), 
with 14.  Notably, Montana and Idaho, states without any current surgical residency program 
had candidate hospitals.  
       
 
 7 
 
Discussion 
 This study is the first to examine the capacity of our hospital system to create new 
general surgery residencies apart from the existing general surgical programs. Accounting for 
progressive sub-specialization, the 435 new residency positions would yield 287 additional 
general surgeons entering the workforce each year, after the initial 5 to 8 year development 
period.  This number would help forestall the growing surgical workforce shortage. This 
expansion combined with a maximal expansion of existing surgery programs would mean an 
overall system capacity of approximately 536 additional positions in general surgery, an 
expansion of 44%. This estimate is likely conservative, as multiple small hospitals may be able 
to collaborate in training surgery residents, allowing for a larger resident complement.  In 
addition, some of the community programs may be able to send residents to large academic 
centers for more complex surgical case exposure, such as liver transplant or pancreatic 
surgeries.  
 The study has some limitations.  The data for existing programs were obtained by a 
single-observer internet search of surgical residencies, and this prevents the data from 
accounting for annual variations in resident complement or hospitals utilized for training.  The 
AHA data from which this model is built are self-reported, and they come from reports in 2011. 
This means the model may not have accounted for erroneous, or missing data, as well as 
changes in hospital systems, or characteristics for which I could not adjust.  I excluded hospitals 
that had missing data on bed size or surgical procedures, as these data points were critical to 
the predictive model’s performance. In addition, the predictions are based on current RRC 
regulations, namely the existence of a GME office, and no residencies with fewer than 2 
resident positions annually. However, these limitations are likely to result in underestimation of 
hospital capacity:  it may be that there actually are more candidate hospitals, if GME offices 
have been established recently, or if the hospitals have increased in size or surgical volume. 
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The variables chosen as proxy variables for surgical case complexity may be too general to 
generate fine-grained estimates of the true surgical case mix, and it is possible these candidate 
hospitals do not have the breadth of surgical cases necessary to train general surgeons. 
However, the model performed well using these proxy variables in my existing program sample, 
and comparison with the existing program resident complements demonstrated a 56% 
agreement with the resident complement within 1 resident, and 78% agreement within 2 
residents (Appendix 2: Table 1). 
 No discussion of surgical residency expansion would be complete without mention of the 
critical challenge of funding resident education. From 2002 to 2007, surgical residency positions 
only increased by 3.6%, likely due to the cap on residency funding available from Medicare 
imposed by the 1997 BBA.19 Models have estimated that a 15-25% increase in Medicare-funded 
positions is necessary to ameliorate the overall physician shortage.20,21 Living with the cap 
imposed by the BBA, hospitals have begun to identify other sources of funding for residency 
education, including state-based Medicaid, VA funding, endowments, foundation, and 
institutional funding.5,19 However, these alternate funding streams have had minimal effect on 
overall surgical residency positions. The BBA does make exceptions for new residency 
programs at hospitals in rural areas. This study identified a number of rural hospitals that would 
be outside of the BBA cap, and eligible for Medicare funding. In order to expand the general 
surgery residency complement to its greatest potential, though, reform of the BBA will be 
necessary.   
  
Conclusion 
General surgeons are tasked with providing timely and adequate care of the majority of 
surgical disease for our population.  Without a sufficient general surgical workforce, delays in 
care may result in increased morbidity and mortality from preventable surgical complications. To 
increase the general surgical workforce, we will need to increase the surgical residency output. 
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This study demonstrates a capacity for expansion of general surgery residency programs at 
hospitals in this country that could train residents but do not now do so. Such an expansion will 
be necessary if we are to avoid the severe projected surgical shortage of the next thirty years.  
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Table 1a. Summary Characteristics of Existing Surgical Programs 
Average per program* N=239  
# of hospitals utilized (mean, S.D) 3.36 (1.59) 
# of residents trained (mean, S.D) 4.87 (2.11) 
General medical/surgical beds (mean, S.D) 743 (413) 
Pediatric beds (mean, S.D) 119 (86) 
ICU beds (mean, S.D) 104 (63) 
Inpatient surgeries (mean, S.D) 25,386 (13,128) 
Outpatient surgeries (mean, S.D) 36,503 (21,671) 
Total surgeries (mean, S.D) 61,890 (32,762) 
Operating rooms (mean, S.D) 76 (40) 
Graduate Medical Education present (n,%) 238 (99.6) 
Medical School affiliation (n,%) 239 (100) 
Council of Teaching Hospitals member (n,%) 232 (97) 
ACS cancer center (n,%) 232 (97) 
Bariatric surgery center (n,%) 230 (96.2) 
Trauma center (n,%) 235 (98.3) 
Outpatient surgery center (n,%) 238 (99.6) 
Robotic surgery program (n,%) 228 (95.4) 
Kidney transplant program (n,%) 216 (90.4) 
Liver transplant program (n,%) 167 (69.9) 
*Source: American Hospital Association 2011 data, analyzed by author. 
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Table 1b. Summary Characteristics of Candidate Hospitals 
Average per hospital* N=367 
General medical/surgical beds (mean, S.D) 180 (114) 
Pediatric beds (mean, S.D) 10 (12) 
ICU beds (mean, S.D) 20 (15) 
Inpatient surgeries (mean, S.D) 4,010 (3,345) 
Outpatient surgeries (mean, S.D) 6,296 (5,171) 
Total surgeries (mean, S.D) 10,306 (8,034) 
Operating rooms (mean, S.D) 15 (9) 
Graduate Medical Education present (n,%) 367 (100) 
Medical School affiliation (n,%) 365 (99.5) 
Council of Teaching Hospitals member (n,%) 18 (4.9) 
ACS cancer center (n,%) 244 (66.5) 
Bariatric surgery center (n,%) 158 (43) 
Trauma center (n,%) 150 (40.9) 
Outpatient surgery center (n,%) 298 (81.2) 
Robotic surgery program (n,%) 145 (39.5) 
Kidney transplant program (n,%) 9 (2.5) 
Liver transplant program (n,%) 1 (0.3) 
*Source: American Hospital Association 2011 data. Analyzed by author 
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Table 2. Summary Characteristics of Candidate Hospitals by Predicted Resident Allotment 
 2 residents 3 residents 4 residents 5 resident Total 
 N= 40 N= 99 N= 12  N=2 N= 153 
General medical/surgical beds (mean, 
S.D) 
188 (98) 182 (112) 209 (113) 350 (173) 188 (110) 
Pediatric beds (mean, S.D) 12 (12) 10 (10) 13 (16) 7 (10) 11 (11) 
ICU beds (mean, S.D) 23 (12) 22 (16) 23 (18) 37 (21) 23 (15) 
Inpatient surgeries (mean, S.D) 5,005 (2,912) 5,135 (3,730) 5,473 (3,179) 15,937 (16,509) 5,269 (3,900) 
Outpatient surgeries (mean, S.D) 7,870 (5,102) 6,703 (4,890) 11,045 (5,712) 26,099 (21,113) 7,602 (5,777) 
Total surgeries (mean, S.D) 12,875 (7,306) 11,838 (8,120) 16,518 (7,565) 42,036 (37,622) 12,871 (9,088) 
Operating rooms (mean, S.D) 17 (7) 17 (10) 21 (10) 24 (17) 17 (9) 
Graduate Medical Education present 
(n,%) 
40 (100) 99 (100) 12 (100) 2 (100) 153 (100) 
Medical School affiliation (n,%) 40 (100) 99 (100) 12 (100) 2 (100) 153 (100) 
Council of Teaching Hospitals member 
(n,%) 
1 (2.5) 8 (8.1) 0 (0) 1 (50) 10 (6.5) 
ACS cancer center (n,%) 36 (90) 87 (87.9) 6 (50) 1 (50) 130 (85) 
Bariatric surgery center (n,%) 3 (7.5) 83 (83.8) 10 (83.3) 2 (100) 98 (64) 
Trauma center (n,%) 35 (87.5) 99 (100) 12 (100) 2 (100) 148 (96.7) 
Outpatient surgery center (n,%) 40 (100) 99 (100) 12 (100) 2 (100) 153 (100) 
Robotic surgery program (n,%) 19 (47.5) 57 (57.6) 7 (58.3) 1 (50) 84 (55.9) 
Kidney transplant program (n,%) 0 (0) 3 (3) 3 (25) 1 (50) 7 (4.6) 
Liver transplant program (n,%) 0 (0) 0 (0) 0 (0) 1 (50) 1 (0.7) 
* Source: American Hospital Association 2011 data recoded and analyzed by author. 
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Table 3. Distribution of Candidate Hospitals and 
Predicted Resident Number by Region 
Region 
Number of 
states 
Number of 
hospitals 
Number of 
predicted 
residents 
Midwest 11 55 165 
Northeast 7 20 57 
Southeast 10 34 93 
Southwest 3 20 57 
West 8 24 63 
 * Source: American Hospital Association 2011 data recoded and analyzed by author.  
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Figure 1. Exclusion Criteria for Candidate Hospitals 
 
 
 
 
 
 
2,293 AHA 
hospitals with  
≥ 100 beds  
Exclude: 
Hospitals without GME (1923) 
Hospitals without OR (72) 
Hospitals with existing programs 
(720) 
Specialty hospitals (5) 
 
153 Candidate 
Hospitals 
 
375 Candidate 
Hospitals into 
model  
Exclude: 
Hospitals with < 2 predicted residents 
(214) 
Hospitals with AOA program (3) 
Stand-alone VA hospitals (3) 
Newly accredited GS programs (2) 
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Appendix 1: Systematic Review 
Key Questions 
This systematic review will focus on the scholarly work available for estimating 
the optimal training cohort to build an adequate general surgical workforce in the United 
States. Key questions to be answered include 
- What are long-term trends in surgical residency cohorts? 
- How can we increase surgeon output? 
- Are there data on expansion of surgical residencies? 
 
Methods 
Search strategy 
I searched PubMed/MEDLINE systematically for relevant articles using the 
search criteria ("General Surgery/manpower"[Mesh]) AND ("Residency” [Abstract/Title]) 
AND “United States”[Mesh] with a limit of “English language”.   
A subsequent Web of Science search using the search terms: “Physician workforce” 
AND “general surgery residency” with limits of “United States” and “English language” 
returned additional references.  I hand searched reference lists from selected 
publications for additional relevant articles, based on title.  I used Google Scholar as an 
additional database resource to obtain relevant articles from the reference article list. 
 
Study selection criteria 
 After developing a comprehensive list of publications, I reviewed abstracts and 
titles written in English, and I included them if they contained original research focusing 
on the training of the general surgical workforce, and evaluation of future general 
surgical workforce needs in the United States. Scholarly articles that were not available 
via text were excluded, as I could not assess them.  
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Data extraction and evaluation 
 Once articles met criteria for inclusion, I critically appraised them and assessed 
them for quality of study design, outcomes, key findings and limitations. To assess the 
risk for bias I assigned the grading scale of + to +++, with +++ representing the highest 
risk for bias in the publication.  I developed an evidence table using Excel 2011 
(Microsoft) to include all of these findings.  I then gave a grade of overall quality of the 
article of  excellent, fair, or poor, based on the aggregate appraisal. 
 
Results 
 The PubMed/MEDLINE search algorithm returned 54 articles and the 
Web of Science search algorithm returned 32 articles, of which  13  were duplicates of 
the PubMed search.  This resulted in a sample size of 73 articles for title and abstract 
review. I excluded 68 articles because they did not pertain to general surgery (22), were 
editorials (30), or full text was not available (17). This resulted in 9 scholarly articles for 
review (Figure A1).3,8,11,16,22-26  
The systematic review template is included in Table A1.  The articles spanned 
1995 to  2014, with a wide range of study questions surrounding surgical residency 
training.  It is clear from this review that there have been relatively few methodologically 
rigorous examinations of the output from surgical residencies and actual surgeon 
practices in this country.  Several databases, maintained by the American Board of 
Surgery (ABS), American Medical Association (AMA), and American College of 
Surgeons (ACS), keep track of various aspects of a surgeon’s training, career, and 
practice.  However, in 1995 Jonassen noted inherent problems with these databases, 
since they rely upon surgeon response, and true representation of the surgeon’s scope 
of practice.3 
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Only one study explores a way to expand surgical residency programs.  Charles, 
Walker, Poley et al administered a survey of general surgery residency program 
directors to evaluate the hypothetical capacity to expand if funding were made available.  
They found that only 80% of respondents had a modest amount of capacity to expand.16  
This is the first and only study to indicate that our current training infrastructure may not 
have capacity to expand surgical residencies. 
Concerning expanding the general surgeon output, a single institutional study 
from Oregon describes increasing interest in rural surgical practice after residents 
participate in a yearlong rural surgery rotation.25 Not everyone who participated in the 
rural surgical year had previous plans of entering rural surgery.  Several studies reported 
on the characteristics of current general surgical job postings, and found a high number 
of open general surgical job positions are in rural locations.22,24   
Several studies modeled the general surgical workforce, including resident 
training capacity. Both Williams and Fraher find in predictive models that the surgical 
workforce shortage will increase without a significant expansion in residency positions 
and output over the next decade.8,11 Williams further projected a need of 100,000 
additional surgeons, of all specialties, by the year 2030; the cost of training these 
surgeons would reach $2 billion annually.26  
 
Discussion 
Many of these studies are of fair quality, with several poor quality studies that 
simply have too much selection bias to be generalizable or utilized by additional studies; 
however, they are hypothesis-generating in that the true number of unfilled general 
surgical jobs is not known.  The quantity of residents pursuing or practicing some 
amount of general surgery is also unclear – as even fellowship trained surgeons 
contribute general surgical cases to the total.   
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There is little scholarly research into the long term trends of general surgery 
residents, including practice preferences and job placement after residency or 
fellowship, despite the fact that these data are collected yearly.  Several historical 
reports of longitudinal trends in general surgery residency programs were , not available 
via digital text.27,28 An analysis of surgical workforce trends in the newest generation of 
surgeons is needed to appreciate the volume of general surgical cases across this 
country and the breadth of practice of all current surgeons.  
Numerous editorials from within the general surgical community discuss options 
for residency expansion and call for a repeal of the 1997 Balanced Budget Act, which 
has capped Medicare funded residency positions at the 1996 levels.  Many of these calls 
for reform and editorials rely upon a number of historical studies of surgeon shortage as 
well as personal anecdote. While these editorials provide interesting historical numbers 
and data, the relatively low volume of new research limits their influence. No studies 
explore the problem of hospital capacity to train surgeons, or the feasibility of rapidly 
expanding surgical residencies. 
It seems apparent that our surgical workforce research, which is important for 
future policy decisions, requires more rigorous and methodologically sound research. 
Recognizing this, the ACS has established a health policy research institute with a 
specific aim to answer these questions in a more rigorous manner.29             
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Table A1-1. Systematic Review Template 
Authors Year Study Question Study Design Methods Findings Bias Overall 
Quality 
Datta et al 2014 Estimate the 
contribution of 
non-designated 
preliminary (NDP) 
residents to the 
overall GS 
workforce. 
Single institution 
retrospective 
longitudinal 
analysis of NDP 
placements after 
completion of 
preliminary year. 
Analysis of long-
term result for 
NDPs and 
characteristics of 
NDPs 
58% of NDP 
residents pursued 
surgical careers, 19% 
pursued non-surgical 
careers.  A majority 
of NDPs will pursue 
surgery as a career. 
 ++ Single institution 
experience, 
potential that this is 
not generalizable, 
use of NDPs to fill 
open categorical 
positions relies 
upon a certain 
amount of attrition 
Fair. 
Decker et al 2013 Analyze the 
current GS job 
market, and 
evaluate evidence 
of workforce 
shortage. 
Cross-sectional 
study of recently 
advertised or 
filled GS jobs.  
Reviewed job 
postings in 
Oregon and 
Wisconsin, 
collected data for 
each posting.  
46% of positions 
were in rural 
locations. There is 
evidence of much 
higher need for rural 
GS 
 +++ High risk of 
selection bias, as 
this was a sample 
of job postings in 
two states with 
large rural areas.  
Fair.  
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Deveney et 
al 
2013 Evaluate if a 
yearlong rotation in 
rural GS would 
increase number 
of graduates 
pursuing rural GS. 
Retrospective 
cohort study 
comparing those 
completing the 
rural rotation with 
those who didn't.  
Data collected for 
both groups and 
analyzed using 
multivariate 
analysis 
Those who 
completed a rural 
year were more likely 
to enter GS practice 
overall, and rural 
practice specifically.  
 +++ Small n and 
single institution 
study; selection bias 
high, as residents 
chose to participate 
in the rural program.  
Fair. 
Fraher et al 2013 Develop a model 
to project surgical 
supply through 
2028 
Predictive model 
utilizing 
retrospective 
data. 
Dynamic stock 
and flow model 
incorporating 
multiple variables 
affecting surgeon 
supply. 
18% decline in GS 
over the next 20 
years, if no changes 
made to residency 
training quota. 
 + Comprehensive 
accounting for multi 
variables, likely 
sources of variance, 
but little bias. 
Excellent. 
Charles et 
al 
2011 Evaluate capacity 
of GS residency 
expansion if no 
funding cap. 
Survey study of 
residency 
program 
directors. 
Descriptive study 
of survey results 
80% of respondents 
had a modest 
capacity to expand 
residency positions, 
overall expansion 
capacity of 249 GS.  
 ++ Only a 50% 
response rate, 
respondents may 
not be generalizable 
to all residencies.  
Excellent. 
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Williams et 
al 
2009 Estimate the 
surgical workforce 
needed by 2030 
and quantify cost 
associated with 
training additional 
surgeons. 
Population 
based study.   
Model 
development of 
graduating 
surgeons, 
population and 
active physician 
numbers, 
estimating 
surgeons needed 
for the US 
population in 30 
years. 
There will not be 
enough surgeons to 
treat the US 
population in 2030. 
100,000 surgeons (in 
all specialties) need 
to be trained by 2030 
at an annual cost of 
$2 billion.  
 + Databases used 
are national 
estimates for 
population and 
physician numbers, 
with fixed costs for 
training.  There is 
high risk for 
variance based 
upon these 
estimates, but low 
risk of bias. 
Excellent. 
Williams et 
al 
2008 Evaluate shortage 
of general 
surgeons over the 
next decade. 
Population 
based study.   
Model general 
surgical supply in 
relation to 
population over 
the next fifty 
years.  
General surgical 
shortage of 1,300 
general surgeons by 
2010, growing to a 
shortage of 6,000 
surgeons by 2050. 
 + Risk of variance, 
not much bias - 
model estimates 
based upon most 
current trends for 
surgeons in practice 
Excellent. 
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Cofer et al 2008 Is there a critical 
shortage of 
general surgeons 
in the US?  
Cross-sectional 
study of recently 
advertised GS 
jobs received by 
a single 
institution.  
Job solicitations 
and 
advertisements 
were collected 
over two 
springtime study 
periods in 2007. 
140 GS job positions 
offered in each study 
period across a 
variety of regions and 
states. 
 +++ Single 
institution study of 
received postings - 
high risk of 
selection bias. No 
attempt to reconcile 
if same job offered 
multiple times. 
Poor. 
Jonasson et 
al 
1995 Estimate the actual 
surgical workforce, 
including residents 
in 1994 
Retrospective 
analysis of 
multiple data 
sources. 
Utilize data on 
practicing 
surgeons from the 
ACS, ABS, and 
AMA to arrive at 
an accurate 
number of 
surgeons in 
practice and in 
training. 
In 1994 there were 
between 17,000 and 
23,000 GS practicing 
in the US, half the 
number usually cited. 
There is likely more 
of a shortage than 
had been previously 
predicted. 
 ++ Selection bias, 
as the three 
databases rely upon 
physician self-report 
of activity. However, 
accounted for this 
with conservative, 
and optimal 
estimates.  
Fair. 
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Table A2-1. Model Prediction Accuracy 
Existing 
Program 
ID 
Current 
resident 
number 
Predicted 
resident 
number 
Existing 
Program 
ID 
Current 
resident 
number 
Predicted 
resident 
number 
Existing 
Program 
ID 
Current 
resident 
number 
Predicted 
resident 
number 
1 4 5 65 8 5 126 4 4 
2 7 5 66 2 6 127 3 5 
3 4 4 67 6 5 128 4 4 
4 6 4 68 6 6 129 4 3 
5 3 4 69 4 5 130 4 5 
6 4 5 70 6 5 131 4 5 
7 3 2 71 6 5 132 4 4 
8 8 6 72 3 4 133 6 6 
9 5 5 73 4 5 134 8 5 
10 2 3 74 2 4 135 5 4 
11 3 5 75 10 5 136 5 5 
12 2 5 76 3 4 137 6 6 
13 4 4 77 4 4 138 3 6 
14 6 5 78 6 4 139 3 4 
15 6 5 79 4 4 140 3 0 
16 4 4 80 6 5 141 5 5 
17 4 1 81 6 5 142 3 1 
18 7 5 82 8 6 143 7 5 
19 7 5 83 8 7 144 9 5 
20 4 5 84 5 5 145 3 5 
21 7 5 85 4 5 146 3 6 
22 5 5 86 5 5 147 4 4 
23 2 4 87 4 4 148 8 6 
24 9 5 88 6 5 149 5 6 
26 7 6 89 3 4 150 3 4 
27 3 5 90 3 5 151 2 4 
28 6 5 91 2 5 152 6 5 
29 5 4 92 6 5 153 3 5 
30 8 5 94 9 6 154 7 4 
31 3 6 95 5 5 155 8 4 
32 3 5 96 8 5 156 9 6 
33 6 6 97 8 5 157 5 4 
35 10 5 98 3 5 158 7 5 
36 3 4 99 3 5 159 3 6 
38 2 5 100 3 5 160 6 5 
39 4 4 101 2 6 161 5 6 
40 5 5 102 6 5 162 4 4 
41 5 5 103 6 4 163 6 5 
42 5 5 104 6 5 164 4 5 
43 7 5 105 6 5 165 7 5 
44 2 4 106 8 6 166 5 4 
45 2 5 107 6 5 167 2 5 
46 5 4 108 5 5 168 5 6 
47 2 4 109 6 5 169 4 5 
48 4 5 110 2 5 170 2 6 
49 6 5 111 4 5 171 4 5 
50 2 5 112 2 5 172 2 6 
51 2 5 113 5 5 173 4 6 
52 5 4 114 2 5 174 7 6 
53 6 5 115 3 1 175 6 5 
54 3 6 116 5 5 176 10 7 
55 3 4 117 6 5 177 3 5 
56 9 5 118 11 4 178 6 5 
57 2 4 119 5 5 179 3 5 
58 5 5 121 3 4 180 8 6 
60 4 5 122 5 5 181 4 4 
61 5 5 123 5 5 182 3 4 
62 3 5 124 8 5 183 2 5 
64 5 5 125 4 5 184 5 4 
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Appendix 1. Model Prediction Accuracy 
   
Existing 
Program 
ID 
Current 
resident 
number 
Predicted 
resident 
number 
Existing 
Program 
ID 
Current 
resident 
number 
Predicted 
resident 
number 
   185 4 6 248 6 6 
   186 12 5 249 3 4 
   187 5 5 250 7 5 
   188 5 4 
      189 3 5 
      190 3 4 
      191 2 5 
      192 2 5 
      193 2 5 
      194 5 5 
      195 3 4 
      196 3 5 
      197 6 5 
      198 7 5 
      199 6 5 
      200 7 5 
      201 6 5 
      202 4 5 
      203 7 4 
      204 3 5 
      205 2 5 
      206 4 5 
      207 5 2 
      208 6 5 
      209 5 4 
      210 3 5 
      211 6 5 
      212 3 5 
      213 4 4 
      214 6 5 
      215 4 5 
      216 8 5 
      217 8 5 
      218 3 4 
      219 9 6 
      220 2 5 
      221 13 5 
      222 3 3 
      225 5 4 
      226 8 6 
      227 4 6 
      228 7 6 
      229 5 4 
      230 9 6 
      231 6 5 
      232 5 5 
      233 3 5 
      234 5 6 
      235 4 4 
      236 5 5 
      238 5 5 
      239 4 5 
      240 3 5 
      241 7 4 
      242 5 4 
      244 3 5 
      245 3 4 
      246 3 5 
      247 3 4 
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 Table A2-2. Candidate Hospitals and Predicted Resident 
Number by State 
State 
Number of 
candidate hospitals 
Number of 
predicted residents 
Alabama 5 16 
Arizona 1 2 
California 9 23 
Colorado 3 8 
Connecticut 3 9 
Florida 5 14 
Georgia 2 5 
Idaho 1 3 
Illinois 9 24 
Indiana 5 14 
Iowa 8 24 
Kentucky 5 14 
Louisiana 3 7 
Maine 2 6 
Maryland 2 5 
Michigan 4 13 
Minnesota 5 15 
Mississippi 2 5 
Missouri 2 7 
Montana 2 5 
Nebraska 5 14 
Nevada 2 5 
New Hampshire 1 2 
New Jersey 3 8 
New York 4 12 
North Carolina 3 8 
North Dakota 2 7 
Ohio 4 11 
Oklahoma 5 14 
Oregon 1 3 
Pennsylvania 5 15 
South Carolina 4 11 
South Dakota 2 7 
Texas 14 41 
Utah 1 3 
Virginia 4 10 
Washington 5 13 
West Virginia 1 3 
Wisconsin 9 29 
